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Abstract. The LHC has been built to understand the dynamics at the origin of the breaking of the electroweak
symmetry. Weakly coupled models with a fundamental Higgs boson have focused most of the attention of the
experimental searches. We will discuss here how to reinterpret these searches in the context of strongly coupled
models where the Higgs boson emerges as a composite particle. In particular, we use LHC data to constrain the
compositeness scale. We also briefly review the prospects to observe other bosonic and fermionic resonances of
the strong sector.
1 The need for a UV completion of the
electroweak Goldstone bosons
One important charge of the LHC, if not the main one, is
to understand the dynamics responsible for the breaking of
the electroweak (EW) symmetry. A massive spin-one par-
ticle corresponds to three physical polarizations: two trans-
verse ones plus an extra longitudinal one which is known
to decouple in the massless limit. Precision EW measure-
ments have established the Brout–Englert–Higgs mecha-
nism and the longitudinal W± and Z certainly correspond
to the eaten Nambu–Goldstone bosons associated to the
breaking of the global chiral symmetry SU(2)L× SU(2)R
to its diagonal subgroup. The gauge field masses are con-
veniently rewritten as the kinetic terms for these Gold-
stones (σa, a = 1, 2, 3, are the usual Pauli matrices and
v = 1/
√√
2GF ≈ 246 GeV):
Lmass = v
2
4
Tr
(
DµΣ†DµΣ
)
with Σ = eiσ
apia/v, (1)
which indeed exactly reproduces the standard mass La-
grangian in the unitary gauge (Σ = 1). However, this is
a description that is not self-consistent at very high energy
since it leads to scattering amplitudes growing with the en-
ergy as it follows from the Goldstone equivalence theorem
by expanding the Lagrangian (1) (V denotes W± or Z):
A(VaLVbL → VcLVdL) = A(s)δabδcd +A(t)δacδbd +A(u)δadδbc
(2)
with A(s) ≈ s
v2
. (3)
In the absence of any new weakly coupled elementary de-
grees of freedom canceling this growth, perturbative uni-
tarity will be lost around 4piv ≈ 3 TeV (or 2√2piv ≈ 1.2 TeV,
depending on the exact criterion used to define strong cou-
pling) and new strong dynamics will kick in and soften
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the UV behavior of the amplitude, for instance via the ex-
change of massive bound states similar to the ρ meson of
QCD.
2 Effective Lagrangian for a composite
Higgs
The simplest example of new dynamics that can restore
perturbative unitarity consists of a single (canonically nor-
malized) scalar field, h, coupled to the longitudinal V’s and
to the SM fermions as [1,2,3,4]:
LEWSB = v
2
4
Tr
(
DµΣ†DµΣ
)
×
(
1 + 2a
h
v
+ b
h2
v2
+ b3
h3
v3
+ . . .
)
− v√
2
(
u¯iLd¯
i
L
)
Σ
(
1 + c
h
v
+ c2
h2
v2
. . .
)  yui ju jRydi jd jR
 + h.c. (4)
The scalar self-interactions can be parametrized as
V(h) =
1
2
m2hh
2 + d3
m2h2v
 h3 + d4  m2h8v2
 h4 + . . . (5)
For a = 1, the scalar exchange cancels the growing piece (3)
of the VLVL amplitude at high energy. Furthermore for b =
a2, the inelastic VLVL → hh amplitude also remains finite
at high energy, while, for ac = 1 the VLVL → f f¯ ′ ampli-
tude does not grow either. The point a = b = c = 1 (and
also d3 = d4 = 1, c2 = b3 = 0, see Table 1) defines the SM
Higgs boson and the scalar resonance then combines with
the EW Goldstones to form a doublet transforming lin-
early under SU(2)L× SU(2)R. When a , 1, the Higgs bo-
son alone fails to fully unitarize the VLVL scattering ampli-
tude but the breakdown of pertubative unitarity is pushed
to a higher scale of the order of 4piv/
√
1 − a2. The residual
growth of the scattering amplitude A(s) ≈ (1 − a2)s/v2 is
ultimately cancelled via the exchange of other degrees of
freedom, for instance some vector resonances, which how-
ever do not have to be light and could escape any detection
at the LHC [5].
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Away from the SM point, this set-up (4)–(5) introduces
minimal deviations in the physics of the Higgs boson: all
the Higgs couplings have the same Lorentz structure as in
the SM and they are only rescaled by appropriate factors
of a, b and c (note that c is flavor-universal and the only
source of flavor violation are the usual SM Yukawa cou-
plings, yu,d; this minimal flavor violation structure actu-
ally emerges naturally in the dynamical models that will
be considered below):
ghVV = a gS MhVV , ghhVV = b g
S M
hhVV and gh f f¯ ′ = c g
S M
h f f¯ ′ . (6)
In addition, there are also new couplings, for instance b3
between three Higgses and two gauge bosons or c2 be-
tween two Higgses and two fermions, that will contribute
to multi-Higgs production [1,2,3,4].
Since the NLO QCD corrections do not affect the Higgs
couplings, at the LHC the relevant Higgs production cross-
sections simply rescale as [6]:
g
g
t, b
H
q
q
W,Z H
q
q¯ W,Z
W,Z
H
t/b
t/b
H
g
q
q¯
σNLO
σS MNLO
= c2 a2 a2 c2 (7)
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [7] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43 F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x [1 + (1 − x) f (x)] ,
F1(x) ≡ 2 + 3x [1 + (2 − x) f (x)] ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
[
log 1+
√
1−x
1−√1−x − ipi
]2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetry G of the strong sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stones in addition to the WL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
Table 1. Values of the couplings of the effective Lagrangian (4) in
the strongly interacting light Higgs set-up (SILH) and in explicit
SO(5)/SO(4) composite Higgs models built in warped 5D space-
time (in MHCM4, the SM fermions are embedded into spinoral
representations of SO(5) while in MHCM5 they are in fundamen-
tal representations). ξ = (v/ f )2 measures the amount of com-
positeness of the Higgs boson. For the SM with an elementary
Higgs, which corresponds to the limit ξ → 0, the couplings are
a = b = c = d3 = d4 = 1 and c2 = b3 = 0.
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
√
1 − ξ √1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
√
1 − ξ − 43 ξ
√
1 − ξ
c 1 − (cH/2 + cy)ξ
√
1 − ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ
√
1 − ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance. a denotes a
CP-odd scalar while h and H are CP-even scalars
Model Symmetry Pattern Goldstones
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [1]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
(
∂µ
(
H†H
))2
+ cT2 f 2
(
H†
←→
D µH
)2
− c6λf 2
(
H†H
)3
+
(
cyy
i j
f
f 2 H
†H f¯ iLH f
j
R + h.c.
) (13)
Whenever this chiral Lagrangian emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
Refs. [5,8]) to include some heavy vector resonances of the
strong sector in addition to the Goldstone bosons.
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3 Explicit 5D composite Higgs models
The SILH Lagrangian should be seen as an expansion in
ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [9], which are based on
a five-dimensional gauge theory in Anti-de-Sitter (AdS)
space-time. Via the AdS/CFT correspondence, these 5D
models describe 4D strongly coupled models, the compo-
nents of the gauge fields along the fifth dimension being in-
terpreted as the Goldstone bosons of the strong sector (see
Fig. 1). The minimal models are based on an SO(5)×U(1)
symmetry in the bulk, broken to the SM SU(2)L× U(1)Y
gauge group on the UV brane and to SO(4)× U(1) on the
IR brane. These models contain exactly four massless A5
degrees of freedom which transform as a doublet of SU(2)L
and whose wave-functions are peaked on the IR. Radiative
corrections generate a finite potential for these A5 degrees
of freedom, the finiteness results in 5D from the fact that
gauge invariance forbids any local term and the potential
emerges from non-local effects along the fifth dimension.
The 4D interpretation is simply that the Higgs doublet is a
composite field and the radiative corrections are screened
by the compositeness scale. The exact form of the poten-
tial depends on the way the SM fermions are embedded
in representations of SO(5): when they belong to spinorial
representations (MCHM4), the potential is of the form
V(h) = α cos(h/ f ) − β sin2(h/ f ), (14)
which after expanding around the EW vacuum leads to the
particular values of d3 and d4 reported in Table 1. When
the SM fermions are part of fundamental representations
of SO(5) (MCHM5), the Higgs potential takes the form:
V(h) = α sin2(h/ f ) − β sin2(2h/ f ), (15)
leading to different values of d3 and d4.
Both in MCHM4 and in MCHM5, the quadratic terms
in the W and Z bosons read:
m2W (h)
(
WµWµ +
1
2 cos2 θW
ZµZµ
)
(16)
with mW (h) =
g f
2 sin
h
f . Again expanding around the EW
vacuum, we obtain the expression of the weak scale
v = f sin(〈h〉/ f ), (17)
and the values of the coefficients a and b reported in Ta-
ble 1.
In MCHM4, the interactions of the Higgs to the fermions
take the form
LYuk = −m f (h) f¯ f with m f (h) = M sin(h/ f ). (18)
We then obtain
MCHM4: c =
√
1 − ξ and c2 = −ξ/2. (19)
In MCHM5, the interactions of the Higgs to the fermions
is changed to
LYuk = −m f (h) f¯ f with m f (h) = M sin(2h/ f ), (20)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state em rging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a atural mass gap betwee f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
Refs. resonances) to include some heavy vector resonances
of the strong sector in addition to the Goldstone bosons.
The SILH Lagrangian should be seen as an expansion
in ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full series in ξ. Ex licit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dimensional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT correspondence, these 5D models
describe 4D strongly coupled models, the components of
the gauge fields along the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(14)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (15)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(16)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (17)
(18)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural genera ization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly i teract-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
Refs. resonances) to include some heavy vector resonances
of the strong sector in addition to the Goldstone bosons.
The SILH Lagrangian should be seen as an expansion
in ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dimensional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT correspondence, these 5D models
describe 4D strongly coupled models, the components of
the gauge fields along the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(14)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (15)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(16)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (17)
(18)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ( → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
Refs. resonances) to include some heavy vector resonances
of the strong sector in addition to the Goldstone bosons.
The SILH Lagrangian should be seen as an expansion
in ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dimensional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT correspondence, these 5D models
describe 4D strongly coupled models, the components of
the gauge fields along the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(14)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (15)
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Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(16)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (17)
(18)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
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￿
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￿
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c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
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new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γ ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
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can capture the low-energy physics of the composite parti-
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describe 4D strongly coupled models, the components of
the gauge fields along the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
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new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
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The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a natural mass gap betw en f , the
dynamical scale of the strong interactions, i.e. the Gold-
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tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
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the minimal composite two Higgs doublet model. Note that the
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the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to th strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerges from a strong
sector that is in ariant und r custodial symmetry, the co-
efficient cT vanishes. The values of th couplings a, b, . . .
obtained from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
R fs. resonances) to include some heavy vector resonances
of the strong sector in addition to the G ldstone bosons.
The SILH Lagrangian should b see as an expansion
in ξ = (v/ f )2. I can therefore be use in the vicinity of the
SM li it (ξ → 0), whereas the technicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erat with the weak scale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs odels of Refs. [], which are based on a
fiv -dimensional gauge theory in Anti-de-Sitter (AdS) sp ce-
time. Via the AdS/CFT corr spondence, these 5D models
describe 4D strongly coupled odels, the component f
th gau e fields long the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
G (14)
HUV (15)
HIR (16)
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(17)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (18)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(19)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (20)
(21)
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Table 1. Expressions of the anomalous couplings
Parameter SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2 Hξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1 2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced luon fusion production could in prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it wa shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h) Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
lo 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM ig s
boson mixed for instance with a gauge singlet but it could
also b a composite bound state emerging from a strongly
interacting s ctor. When such a composite Higgs boson ap-
pears as a fourth Goldstone boson associated to the sponta-
neous break g of a globa symmetryG of the strong sector
to a subgroup H, th re is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry br aking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
se sitive to the strong i teractions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenev r this chi al L gra gian emerges fr m a strong
sector that s invaria t under a custodial symmetry, the co-
effi ient cT vanis s. The values of the couplings a, b, . . .
obtain d fr m this SILH Lagrangian are given in Table 1.
The SILH Lagrangian can be extended in several ways (see
R fs. resonances) to include some heavy vec or resonances
of the strong sector in addition to the Goldstone bosons.
The SILH Lagrangi n should be seen as an expansion
in ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technic lor limit (ξ → 1),
wh the scale of th strong interac ion becomes degen-
er e with the weak scale, requires a resummation of the
full s ri s n ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dimensional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT c rres ondence, these 5D models
d scribe 4D strongly coupled models, the components of
the g uge fields along the fifth dimension being interpreted
as the oldstone bosons of the strong sector (see Fig. ??).
ds2 =
R2
z2
￿
dx24 − dz2
￿
(14)
z = R (15)
z = R￿ (16)
G (17)
HUV (18)
HIR (19)
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(20)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (21)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(22)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (23)
(24)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿ − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 − ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + 6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in p in-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simpl rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 or x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond t the usual SM Higgs
boson mixed for instance wit a gauge si glet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a comp site Higgs boson ap-
pears as a fourth G ldstone boson associated to the sponta-
neous breaking of a global symmetryG of the strong sector
to a subgr up H, th r is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
kno ing the details of the physics of the str ngly interact-
ing theories giving rise to the composite Higgs a d other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking pa terns and he correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs m del, the next to minimal composite iggs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the stron interactions and affect qualitative y
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + .c.
￿ (13)
Whenever this c iral Lagrangian e erges from strong
sector that is invariant under a custod al symmetry, the o-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from this SILH Lagra gian are given in Table 1.
The SILH Lagrangian ca be ex ended in several ways (se
Refs. resonances) to include some heavy vector resonances
of th strong sector in addition to the Goldstone bosons.
The SILH Lagrangian should be seen as an expansi n
in ξ = (v/ f )2. It can ther for be used in the vicinity of the
SM limit (ξ → 0), wher a the te hnicolor limit (ξ → 1),
when the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ples of such a resummation. Here we refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dimensional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT correspondence, these 5D models
describe 4D strongly coupled models, the omponents of
the gauge fields along the fifth dimension being interpr t d
as the Goldstone bosons of the strong sector (see Fig. ??).
ds2 =
R2
z2
￿
dx24 − dz2
￿
(14
z = R (15)
z = R￿ (16)
G (17)
HUV (18)
HIR (19)
HUV :
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(20)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (21)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(22)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (23)
(24)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could n pri -
ciple be sensitive to new colored degr es of freedom, e.g.
new quarks, running in the loop. But it wa shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a deli ate cancelation olds and the cr ss-
section is independent of the masses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√ −x
1−√1−x − iπ
￿2
for x < 1
(12)
The scalar h could correspond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also be a composite bound state emerging from a strongly
interacting sector. When such a composite Higgs boson ap-
pears as a f rth Goldstone bos n associated to the sponta-
neous breaking of a global sy metryG of the strong secto
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’ in a dition to theWL and ZL (see Table 2). Without
kn wing the details of the physics of the strongly interact-
ing t eories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes o ly four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever his chiral Lagrangi n emerges from a strong
sector that is invariant under a custodial symmetry, the co-
efficient cT va ishes. The values of the couplings a, b, . . .
obtai ed from this SILH Lagrangian are given in Table 1.
The SILH Lagrangian an be extended in several ways (see
R fs. resonances) to include some heavy vector resonances
of the strong sector in a dition to the Goldstone bosons.
The SILH Lagrangian should be seen as an expansion
in ξ = (v/ f )2. It can therefore be used in the vicinity of the
SM limit (ξ → 0), whereas the technicolor limit (ξ → 1),
w en the scale of the strong interaction becomes degen-
erate with the weak scale, requires a resummation of the
full seri in ξ. Explicit mod ls provide concrete xam-
ples of such a resummati n. Here we refer to the Holo-
graphic Hi gs models f Refs. [], which are based on a
five-di en ional gaug theory in Anti-de-Sitter (AdS) space-
time. Vi the AdS/CFT correspondence, these 5D models
describ 4D strongly coupled models, the components of
the gauge fields along th fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
ds2 =
R2
z2
￿
dx24 − dz2
￿
(14)
z = R (15)
z = R￿ (16)
G (17)
HUV (18)
HIR (19)
HUV :
￿
Aµ (+ i.e. ∂5A
HUV
µ = 0
5 ) i.e. A
HUV
5 = 0
(20)
G/ V :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (21)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(22)
G/ IR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (23)
(24)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new colored degrees of f e dom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelation holds and the cross-
section is independent of the masses and couplings of th se
new quarks.
Similarly, the decay widths also have a simple res al-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
Th sc lar h could correspond to the us l SM H gg
boson mixed for instance with a gauge singlet but it c uld
also be a composite bound state emerging from a stron ly
interacting sector. When such a composite Higgs b on ap-
pears as a fourth Goldstone boson associated to the spont -
neous breaking of a global symmetryG of the strong ector
to a subgroup H, there is a natura mass gap between f , the
dynamical scal of the trong interactions, i.e. the Gol -
stone decay constant, and v, the electroweak scal that is
generated radiatively. These composite Higgs mod ls ap-
pear as a natural generalization of the SM with new Go d-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the low-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global symmetry pattern G/H. The ffective chiral La-
grangian includ s only four op rators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and affect qualitatively
the physics of the strongly interacting light Higgs SILH)
b n:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿ †H￿3 + ￿ cyy ff 2 H†H f¯LH fR + h.c.￿ (13)
Whenever thi chiral Lag a gian em rges from a str ng
ector that s invariant under a custodial s mmetry, the co-
efficient cT vanishes. The values of the couplings a, b, . . .
obtained from his SIL Lagrangian ar give in Table 1.
The SILH Lagrangia ca be ext nded i several ways (see
Refs. res an es) to include s me heavy vector resonances
of th strong s ctor in addition to the Goldston b sons.
The SILH L grangian should be seen as n expansion
in ξ = (v/ f )2. It can t erefor be us d i th vici ity of the
SM limit (ξ → 0), whereas the t icolor l mit (ξ → 1),
when the scale of the strong interaction b omes d gen-
erate with the eak scal , requires a res mma ion of the
full seri s in ξ. Explicit mo els pr v d cret xam-
ples of suc a resum ati n. H r we refer o the Holo-
raphic Higgs odels of R fs. [], hich are based on a
fiv -dime sional uge theory in Anti- -Sitter (AdS) spac -
time. Via he AdS/CFT c rrespo dence, these 5D models
descr b 4D strongly coupled models, the c mponents of
the auge fields along the fifth d m nsion b ing interpreted
s th Goldstone bosons of e trong sector (see F g. ??).
G (14)
HUV (15)
HIR (16)
HUV :
￿
Aµ (+) i.e. ∂5
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(17)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (18)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(19)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (20)
(21)
(--)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
a 1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could prin-
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as w ll as in C mposit
Higgs models, a delicate cancelation holds and the cross-
section is independent of the ma ses and couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
wh r
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

rcsin[1/
√
x]2 for x ≥ 1
− 14
￿
l g 1+
√
1−x
1−√1−x − iπ
￿2
fo x < 1
(12)
The scalar h ould co r spond to the u ual SM Higg
boson mixed for instance with a gauge singlet but it ould
al o be composite bou d st te emergi g from a strongly
interacting se tor. When such a composite Higgs boson p-
pears as a fourth Goldston boson associated to th sponta-
neous breaking of a global symm ryG of the str ng sector
to a subgroup H, there is a natural mass gap between f , the
dynamical scale of the strong interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale that is
generated radiatively. These composite Higgs models ap-
pear as a natural gen ralizati n of the SM with new Gold-
stone’s in addition to theWL and ZL (see Table 2). Without
knowing the details of the physics of the strongly interact-
ing theories giving rise to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture th low-en rgy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , associated to
the global sym etry pa t rn G/H. The effective chiral La-
grangia includes only four operators that are genuinely
Table 2. G obal symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite Higgs model, he n xt m imal composite Higgs model,
the inimal co posite two Higgs doublet model. Note that the
SU(3) od l does not have a custodial invarianc .
Mod l Symmetry Pattern Goldstone’s
S SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMC M SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, ,H,H±, a
sensitive to the strong interactions and affect qualitatively
the phys cs of t strongly interact light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†H
￿￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerges from a strong
sect r that is inv riant under a custodi symmetry, th co-
efficient cT vanishes. The values of he ouplings a, b, . . .
obtained fr m this SILH Lagrangian are given in Table 1.
The SILH Lagra gian can be exten ed in several ways (see
Refs. resonance include s m heavy v ct r resonanc s
of the strong sector in addition t the G l stone bosons.
The SILH Lagrangian should be seen s an expansion
in ξ = (v/ f )2. It can ther fore be used i the vicinity of the
SM limit (ξ → 0), whereas the tech icolo limit (ξ → 1),
when the scale f th strong interaction beco es degen-
erate with the weak scale, requires a resummation of the
full s ries in ξ. Explicit m dels pr vide concrete ex m-
ples of such a resummation. Here we ref r to the Holo-
graphic Hi gs models of Refs. [], which are b sed on a
five-dimensional gauge heory in Anti- e-Sitter (AdS) space-
time. Via the AdS/CFT correspondence, these 5D models
describe 4D strongly coupled models, the components of
the ga ge field long the fifth dimension being interpreted
as the Goldstone bosons of the strong sector (see Fig. ??).
G (14)
HUV (15)
HIR (16)
UV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(17)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (18)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(19)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (20)
(21)
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Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MC M5
a 1 − cHξ/2 ξ
￿
1 − ξ
b 1 − 2cHξ 1 − 2 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿ − ξ − 43 ξ￿1 − ξ
1 − (cH/ + cy)ξ 1 − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fusion production could in prin-
ciple be sensitive to new o or d degr es of freedom, e.g.
new quarks, running in the loop. But it was s own [6] that
in ex licit Little Higgs m dels as well as in Composite
Higgs models, a delicat cancelation holds and the cross-
section is independent of the masses and coupli gs of these
new quarks.
Simil ly, the decay widths also ave a simple rescal-
ing:
Γ(H f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H V) = a2 ΓS M(H → VV) , (9)
Γ(H gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3x ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
for x < 1
(12)
Th sc lar h c uld orre pond to the usual SM Higgs
boson mixed for instance with a gauge singlet but it could
also b a composite bound stat emerging from a str ngly
interacting sect r. Whe suc a composite Higgs boson ap-
pears s fourt Goldstone bos n ciate to the sponta-
neous b eaking of a global symmetryG of the strong sector
to a subgrou H, there is a natural mass gap between f , the
dynamical scale of the s rong interactions, i.e. the Gold-
stone decay con tant, a d v, the electroweak scale that is
gen rated radiati ely. These c mpo ite Higgs model p-
pear as a natural generalization of the SM with new Gold-
stone’s in additio to theWL and ZL (see Table 2). Without
knowing t e details of the physics of the strongly interact-
ing theories giving ris to the composite Higgs and other
possible resonances, a general effective chiral Lagrangian
can capture the l w-energy physics of th composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor resonances and the dynamical scale, f , ssoci ed to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone boson contents of the SM, the minimal compos-
ite iggs m del, the next t minimal composite iggs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have custodial variance.
Mod l Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU( )×U(1) WL,ZL, h
MCHM SO(5)/SO(4)×U(1) WL,ZL, h
NMCHM SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
sensitive to the strong interactions and ffect qu litativel
the physics of the strongly i teracti g light Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿
H†
￿2
+ cT2 f 2
￿
H†
←→
D µH
￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emerg s from a str ng
s ctor that is invaria t under a cust d al symmetry, the co-
efficient cT vanishes. The values of the coupling a, b, . . .
btained from this SILH Lagrangian a given in Table 1.
The SILH Lagra gian c n be extended in several ways (see
Refs. resonanc s) to i clu e me avy v ctor reso ances
of the st ong s ctor in addition to the Goldstone bosons.
The SILH agr n ian should be s as an expansion
in ξ = (v/ f )2. It can therefore be use the vic nity of the
SM li it (ξ → 0), hereas th t c nic lor limit (ξ → 1),
wh n the scale of the s rong int raction becomes degen-
er te with the weak cale, requires a resummation of the
full series in ξ. Explicit models provide concrete exam-
ple f such a re ummati n. Here refer to the Holo-
graphic Higgs models of Refs. [], which are based on a
five-dim nsional gauge theory in Anti-de-Sitter (AdS) space-
time. Via the AdS/CFT cor espondence, th se 5D models
describ 4D str gly oupl d models, the components of
the gauge fi lds along the fifth dimension being interpreted
s t e Goldstone bosons of the strong s ctor (see Fig. ??).
G (14)
HUV (15)
HIR (16)
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(17)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (18)
HIR :
￿
Aµ (+) i.e. ∂ A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(19)
G/HIR :
 µ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (20)
(21)
EPJ Web of Conferences
Table 1. Expressions of the anomalous couplings
Parameters SILH MCHM4 MCHM5
1 − cHξ/2
￿
1 − ξ ￿1 − ξ
b 1 − 2cHξ 1 − 2ξ 1 − 2ξ
b3 − 43 ξ − 43 ξ
￿
1 − ξ − 43 ξ
￿
1 − ξ
c 1 − (cH/2 + cy)ξ − 2ξ 1−2ξ√
1−ξ
c2 −(cH + 3cy)ξ/2 −ξ/2 −2ξ
d3 1 + (c6 − 3cH/2)ξ 1 − 2ξ 1−2ξ√
1−ξ
d4 1 + (6c6 − 25cH/3)ξ 1 − 7ξ/3 1−28ξ(1−ξ)/31−ξ
The loop-induced gluon fu on production could i pri -
ciple be sensitive to new colored degrees of freedom, e.g.
new quarks, running in the loop. But it was shown [6] that
in explicit Little Higgs models as well as in Composite
Higgs models, a delicate cancelat on holds an the cro s-
section is independent of the masses a d couplings of these
new quarks.
Similarly, the decay widths also have a simple rescal-
ing:
Γ(H → f f¯ ) = c2 ΓS M(H → f f¯ ) , (8)
Γ(H → VV) = a2 ΓS M(H → VV) , (9)
Γ(H → gg) = c2 ΓS M(H → gg) , (10)
Γ(H → γγ) = (cIγ+aJγ)
2
(Iγ+Jγ)2
ΓS M(H → γγ) , (11)
where
Iγ = 43F1/2(4m
2
t /m
2
h), Jγ = F1(4m
2
W/m
2
h),
F1/2(x) ≡ −2x ￿1 + (1 − x) f (x)￿ ,
F1(x) ≡ 2 + 3 ￿1 + (2 − x) f (x)￿ ,
f (x) ≡

arcsin[1/
√
x]2 for x ≥ 1
− 14
￿
log 1+
√
1−x
1−√1−x − iπ
￿2
fo x < 1
(12)
The scalar h could correspond to the usual SM Higg
boson mixed for instance with a gauge singlet but i could
also be a composite bound sta e emerging from s r ngly
interacting sector. Wh su h compo ite Higg bo n ap-
pears as a fourth Gold tone bos n associated t th sp nta-
neous breaking of a global symmetryG of the strong sector
to a subgroup H, there is a natural mass gap betw n f , th
dynamical scale f th stro g interactions, i.e. the Gold-
stone decay constant, and v, the electroweak scale th t is
generated radiatively. These composite Higgs models ap-
pear as a natural generalization of the SM with new Gold-
stone’s in additio to theWL and ZL (se Table 2). Without
knowing the details of the physics of the strongly inter t-
ing theories giving rise to the compo i e Higgs and oth r
possible resonances, a general eff ctive chir l Lagrangian
can capture the l w-energy physics of the composite parti-
cles [7]. The strong sector is broadly parametrized by two
quantities: the typical mass scale, mρ, of the heavy vec-
tor res nances and the dynamical c le, f , associated to
the global symmetry pattern G/H. The effective chiral La-
grangian includes only four operators that are genuinely
Table 2. Global symmetry breaking patterns and the correspond-
ing Goldstone bo on contents of the SM, th minimal compos-
ite Higgs model, the next to minimal composite Higgs model,
the minimal composite two Higgs doublet model. Note that the
SU(3) model does not have a custodial invariance.
Model Symmetry Pattern Goldstone’s
SM SO(4)/SO(3) WL,ZL
— SU(3)/SU(2)×U(1) WL,ZL, h
MCHM SO(5)/ O(4)×U(1) WL,ZL, h
NMC M SO(6)/SO(5)×U(1) WL,ZL, h, a
MCTHM SO(6)/SO(4)×SO(2) ×U(1) WL,ZL, h,H,H±, a
ensitive to the st ong int rac ions and affect qualitatively
the phy ics f the stro gly interacting ligh Higgs (SILH)
boson:
LSILH = cH2 f 2
￿
∂µ
￿ †H￿￿2 + cT2 f 2 ￿H†←→D µ ￿2
− c6λf 2
￿
H†H
￿3
+
￿ cyy f
f 2 H
†H f¯LH fR + h.c.
￿ (13)
Whenever this chiral Lagrangian emer es from a strong
s ct r that is invaria t u d r a custod l symmetry, t e co-
efficient cT vanishes. The values of the couplings a, b, . . .
btai ed from this SILH Lag angia are given in Table 1.
Th SILH Lagrangian can b xtended in s veral ways (see
Ref . res n c s) to i clude some h avy vector resonances
of he str ng se or in addition t t e Goldstone boso s.
T e SILH Lagrangian hould e s en as a expansi
in ξ = (v/ f )2. It c ther for be used in h vic i y of th
SM l it (ξ → 0), where s th technicol r limit (ξ → 1),
w n the le of he s ron interaction becom s degen-
rat with the w k scale, r quir s a resummation of the
full s ries in ξ. Explicit m d ls pr v d co cr t exam-
ples of s ch resummati n. H re w r fer to the Holo-
graphic Higgs models f R f . [], whi h are based on a
five-dimensional auge th ry in Anti-de-Sitter (AdS) spac
time. Via the AdS/CFT correspond nce, hese 5D models
describe 4D strongly coupled models, the components of
the gauge fie ds along the fifth imensi n being in rpreted
a t e Goldsto e bosons of the strong sect r (see Fig. ??).
ds2
R2
z2
￿
dx24 − dz2
￿
(14)
z = R (15)
z R￿ (16)
G (17)
HUV (18)
HIR (19)
HUV :
￿
Aµ (+) i.e. ∂5A
HUV
µ = 0
A5 (−) i.e. AHUV5 = 0
(20)
G/HUV :
Aµ (−) i.e. AG/HUVµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HUV5 ￿ = 0 (21)
HIR :
￿
Aµ (+) i.e. ∂5A
HIR
µ = 0
A5 (−) i.e. AHIR5 = 0
(22)
G/HIR :
Aµ (−) i.e. AG/HIRµ = 0A5 (+) i.e. ∂5 ￿Rz AG/HIR5 ￿ = 0 (23)
(24)
(+-) (-+)(++)
Fig. 1. Composite models built in five dimensional Anti-de-
Sitter space-time and their symmetry breaking pattern interpre-
t ti . In 5D, the gauge symmetry in the bulk, G, is broken
by suitable boundary conditions to HUV on the UV brane and
to HIR on the IR brane. The low energy theory mimics in 4D
a strongly interacting sector invariant under a global symme-
try G spontaneously broken to HIR at the IR scale with a sub-
group HUV which is weakly gauged. The number of Goldstone
bosons is equal to dim(G/HIR), dim(HUV/H) being eaten to give
a mass to some gauge bosons (H = HUV ∩ HIR). The remaining
dim(G/HIR)−dim(HUV/H) massless Goldstones are described on
the 5D side by the massless AH5 modes.
and therefore
MCHM5: c = (1 − 2ξ)/√1 − ξ and c2 = −2ξ. (21)
Note that in MHCM5, the Higgs boson becomes fermio-
phobic for ξ = 0.5.
4 Direct and indirect constraints on
composite Higgs models
4.1 EW precision data constraints
Within the SM, the Higgs boson ensures the proper decou-
pling of the longitudinal polarization of the massive gauge
bosons at high energy. But it is also there to screen the ra-
diative corrections to the propagators of the transverse po-
larizations which otherwise will be logarithmically diver-
gent. This screening is the result of a cancelation between
a gauge-boson loop and a Higgs loop. Clearly this cance-
lation does not hold any longer when the Higgs couplings
are modified, more precisely, when a, the linear coupling to
gauge fields, is different than its SM value. This translates
into a logarithmic contribution to the oblique parameters S
and T [10]:
∆S ≈ 16pi
(
log(mh/mZ) − (1 − a2) log(mh/Λ)
)
∆T ≈ − 38pic2W
(
log(mh/mZ) − (1 − a2) log(mh/Λ)
) (22)
The usual fit of EW data can then be used to constrain the
(mh, a) plane, see for instance Fig. 2. For a given Higgs
mass, the allowed range of values of the parameter a de-
pends on possible additional contributions to S and T from
UV physics, like a positive contribution to S from heavy
vector resonances and positive or negative contributions
from new quarks.
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Fig. 2. Limits from EW precision data. The grey area is excluded
at 99% CL when no additional contributions to S and T beyond
the ones of Eq. (22) are introduced. The dashed-red (dotted green)
lines indicate how this exclusion area is modified in the presence
of additional contributions to S (T ). The logarithmic divergences
are cut-off at Λ = 4piv/
√
1 − a2. The usual parameters 2 and b
used in EW fits are kept fixed to their SM values.
4.2 Direct searches
In explicit models, the Higgs production cross-sections and
decay branching-ratios are simple functions of the param-
eter ξ that measures the amount of compositeness of the
Higgs boson. Therefore, the searches for the SM Higgs bo-
son can be trivially rescaled with the parameter ξ once we
notice that only the signal rates and not the background
ones are changed by the parameter ξ, see Fig. 3. Stringent
exclusion bounds in the 2D parameter space (mh, ξ) are ob-
tained when the LHC various channels [11] are combined.
Figures 4 and 5 present the results when the various chan-
nels are simply added in quadrature. A more proper statisti-
cal combination of the individual channels leads to similar
results [12].
The Higgs searches at the LHC have a chance to estab-
lish a deviation away from the SM. Nonetheless, measur-
ing a , 1 would not necessarily establish that EW symme-
try breaking is triggered by a new strong force since pos-
sible weakly coupled deformations of the SM could also
lead to Higgs anomalous couplings. The true nature of the
strong interactions would be revealed in some particular
processes like VLVL → VLVL [1] or VLVL → hh [2]. Other
processes like VLVL → hhh [4] could even teach us about
some discrete symmetries of the strong interactions.
4.3 Direct searches of other resonances
Of course the direct observation of other states belonging
to the strong sector, like vector resonances [5,8] or some
fermionic composite particles [13], would be tantalizing
signatures auguring a new era in the history of high-energy
physics. Quite generically, the vector resonances have only
tiny couplings to the light SM quarks via their mixing to
the SM EW gauge bosons and therefore their main decay
Fig. 3. MCHM5: Rescaled limits from the search of a Higgs bo-
son in various channels set by the ATLAS (top) and CMS (bot-
tom) data presented at CERN in December 2011 [11]. The vari-
ous channels are added in quadrature.
channels are into a pair of longitudinal W±L ,ZL or a longi-
tudinal W±L ,ZL together with a Higgs boson. The current
most stringent limit of such vector resonances is coming
from the search for WZ-resonances at the LHC via DY pro-
duction after mixing with a W∗ boson [16]
and constrains their masses to be above around 950 GeV
for ξ = 0.1 [5,4]. The 14 TeV run could push this bound
up to 1.5 TeV [4]. Even if more model-dependent, the pro-
duction of fermionic resonances in the top sector is quite
promising as the large top mass generically implies the ex-
istence of light fermionic resonances, possibly the lightest
non-Goldstone particles of the strong sector [13,17]. These
fermionic resonances have an exotic 5/3 electric charge
and can be produced in pairs or alone, see Fig. 6, with a
cross section large enough to make a discovery plausible
even with a limited integrated luminosity [13]. The exis-
tence of these light fermionic states could also be inferred
indirectly through the modification they induce in Higgs
physics. If their effects on gg→ h actually cancel [7], they
give sizable contributions to gg→ hh [18].
Hadron Collider Physics Symposium 2011
Fig. 4. Limits from Higgs searches at LEP, Tevatron and LHC in
the plane (mh, ξ) for MCHM4. For the LHC constraints, we have
used the data reported at the EPS-HEP 2011 conference [14], the
Lepton-Photon 2011 symposium [15] and the ones announced in
December 2011 at CERN [11]. The individual channels are ap-
propriately rescaled according to Eqs. (7)–(11) and they are then
simply combined in quadrature. The red continuous line delin-
eates the region favoured at 99% CL by EW precision data (with
a cutoff scale of 2.5 TeV and after marginalizing over 2 and b),
the region below the red dashed line survives for an additional
50% cancellation of the oblique parameters.
Fig. 5. Same as Fig. 4 but for MCHM5.
5 Conclusion
The LHC has been built to understand the dynamics at
the origin of the breaking of the electroweak symmetry.
The SM Higgs boson, namely a fundamental scalar field
with appropriate couplings to the SM particles, is a very
compelling UV completion to the Higgs mechanism which
ensures the proper decoupling at high energy of the ex-
tra polarization associated to the masses of the EW gauge
bosons, and at the same time also screens the radiative cor-
Fig. 6. Single (top left) and pair (top right) production of reso-
nances in the top sector. The production cross section (bottom)
makes a discovery plausible even with a limited integrated lumi-
nosity. From Ref. [13]
rections to the propagators of these W and Z. The main
virtue of this scenario is that it can remain perturbative,
hence calculable, up to very high energy, possibly the GUT
or the Planck scale. Nonetheless, strong dynamics could
also be responsible for the EW breaking. And surprisingly
enough, these strong models can be very similar to the SM
if a scalar field with the same quantum number as the Higgs
boson emerges as composite bound state from the strong
sector. Viewed from the low-energy perspective, this new
setup will appear as a deformation of the SM itself.
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